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Description
TECHNICAL FIELD

[0001] The present invention relates to a current per-
ception threshold examination apparatus, and more par-
ticularly relates to a current perception threshold exam-
ination apparatus used in diagnosis of interstitial cystitis
with a catheter for diagnosis of interstitial cystitis
equipped with electrodes.

BACKGROUND ART

[0002] Catheters with electrodes are well known and
are widely used for diagnosis or treatment of neurogenic
bladder, urinary incontinence and the like. The catheters
with electrodes are sometimes used in diagnosis of in-
terstitial cystitis. A conventional catheter with electrodes
has exposed hard electrodes, and is not suitable for in-
sertion into a bladder side from a urethra. Further, there
is a catheter with an inflatable balloon attached on an
outer circumferential face of the catheter, for the purpose
of fixing a position of the catheter.

[0003] In recent years, there has been a current per-
ception threshold examination apparatus ("CPT" (Cur-
rent Perception Threshold) examination apparatus)
which has been developed for diagnosing abnormality of
a peripheral nerve. This examination apparatus evalu-
ates an amount of a current stimulation atthe lowest level
that an examinee can feel, by sticking a pair of electrodes
onto a skin, and causing a weak alternating current to
flow thereto. The CPT examination apparatuses are
widely used in measurement of a treatment effect (an-
esthesia), measurement of an affected site (plastic sur-
gery), evaluation of diabetic peripheral neuropathy (med-
icine), quantitative evaluation of a perceptive nerve (neu-
rology), diagnosis for distinguishing a disease between
impotence due to neuropathy and psychogenic impo-
tence (urology), evaluation of injury and perception (den-
tistry), quantitative measurement of a pharmacological
effect (pharmacology), and the like. Such apparatus is
described in WO 97/06730.

[0004] The above-described CPT examination appa-
ratus is also used in urology, but is used generally in
diagnosis from outside a body, and is not used so much
in diagnosis of interstitial cystitis. Interstitial cystitis is a
disease that has been found recently. Although there are
many potential patients, a deterministic diagnostic meth-
od has not been found yet.

[0005] Interstitial cystitis is often found in women in
their 20’s through 60’s. Interstitial cystitis often appears
as a symptom such as a pain in an upper part of a pubic
bone, pollakiuria, or urinary urgency. In a typical mucosa
observation, an ulcer appears linearly on a bladder mu-
cosa. Even in a lighter symptom, a petechiae appears
on a substantially wide area of the bladder mucosa. Gen-
eral inflammation is a phenomenon that occurs between
the time when tissue is injured and the time when the
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injured tissue is repaired. However, tissue repair contin-
ues in the interstitial cystitis.

[0006] Since pathology of interstitial cystitis has not
been resolved yet, a common reference of diagnosis has
not been proposed. As common methods for diagnosing
interstitial cystitis, there are endoscopy using a bladder
mirror, observation of an interior of a bladder using infla-
tion by water pressure, a bladder biopsy in which inflam-
matory tissue is removed outside and examined, and the
like. However, any one of the diagnosis methods cannot
be said as simple and precise.

[0007] Inthelightof the above-described circumstanc-
es, the applicant filed patent application concerning a
balloon catheter with electrodes under the title of "DIAG-
NOSIS CATHETER FOR INTERSTITIAL CYSTITIS",
which was internationally laid open as International Pub-
lication No. WO 2004/043260 on May 27, 2004, and was
registered as Japanese Patent No. 3921221 on February
23, 2007. The diagnosis catheter for interstitial cystitis is
such that a pair of electrodes is provided on an outer
circumferential face of the catheter, and a current per-
ception threshold examination apparatus is connected
to the respective electrodes via lead wires. In actual di-
agnosis, a predetermined current is caused to flow
across the electrodes, the value of the current which can
be perceived by a patientis recorded, and from the result,
whether interstitial cystitis or not is determined.

[0008] An initial symptom of interstitial cystitis is a hy-
persensitivity in a urethra bladder. As a conventional sim-
ple examination method, a method for injecting KCl into
abladderis widely adopted. However, the method induc-
es a pain, the pain continues after injection of the KCl,
and therefore the method cannot be said as minimally
invasive examination. As for the KCI, minimally invasive
examination is more important for interstitial cystitis that
can be moderated by filling C-fiber. Therefore, the appli-
cant developed the diagnosis catheter for interstitial cys-
titis disclosed in WO 2004/043260 described above, and
has performed diagnosis by using an existing current per-
ception threshold examination apparatus.

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0009] However, in the conventional current percep-
tion threshold examination apparatus, measurement on
a body skin surface has been assumed. Consequently,
only an alternating current has been outputted, and a
proper value for diagnosis has needed to be found by
gradually varying the current. This has been needed to
be manually performed by a doctor or the like, and diag-
nosis has taken a long time.

SOLUTION TO PROBLEM

[0010] The presentinvention is made in the light of the
above-described problem, and is a current perception
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threshold examination apparatus that controls supply of
a current from a power supply to electrodes of a catheter
for diagnosis of interstitial cystitis, and the current per-
ception threshold examination apparatus adopts a con-
figuration having a direct current generating unit for gen-
erating a direct current on the basis of an instruction of
a control unit, and a direct current resistance measuring
unit that measures an electric resistance value of a di-
agnosis site on the basis of the direct current which is
supplied to the electrodes, and wherein the current per-
ception threshold examination apparatus adopts a con-
figuration further including an alternating current gener-
ating unit for generating an alternating current to be sup-
plied for diagnosis, on the basis of the electric resistance
value which is measured.

[0011] Further, the current perception threshold exam-
ination apparatus adopts a configuration wherein the
control unit determines an alternating-current voltage
value suitable for diagnosis on the basis of the electric
resistance value, and the alternating current generating
unit applies the determined voltage to the electrodes in
response to an instruction of the control unit.

[0012] Further, the current perception threshold exam-
ination apparatus adopts a configuration wherein the
control unit has a frequency and current value regulating
function of regulating a frequency and a current value.
[0013] Further, the current perception threshold exam-
ination apparatus adopts a configuration wherein the di-
agnosis of the interstitial cystitis is divided into preliminary
examination and regular diagnosis, and the control unit
further has a resolution switching function of switching a
resolution for a current value in the preliminary examina-
tion and the regular diagnosis.

[0014] Further, the current perception threshold exam-
ination apparatus adopts a configuration wherein a res-
olution in the regular diagnosis is higher than a resolution
in the preliminary examination.

[0015] Further, in an example not forming part of the
claimed invention, a diagnostic method for diagnosing
interstitial cystitis by using the above-described current
perception threshold examination apparatus, and a cath-
eter are disclosed, for diagnosis of interstitial castitis. The
catheter is connected to the current perception threshold
examination apparatus and adopts a configuration of
supplying a direct current to a diagnosis site to measure
an electric resistance value of the diagnosis site, deter-
mining an alternating-current voltage value suitable for
diagnosis on the basis of the measured electric resist-
ance value, and applying the determined alternating-cur-
rent voltage to the electrodes, and regulating a current
value and a frequency to diagnose interstitial cystitis on
the basis of a current value and a frequency at a time of
an examinee feeling a stimulus.

[0016] Furthermore, the diagnostic method for diag-
nosing interstitial, not forming part of the claimed inven-
tion, adopts a configuration wherein diagnosis of inter-
stitial cystitis by an alternating current is divided into pre-
liminary examination and regular diagnosis, and a reso-
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lution of current value regulation in the regular diagnosis
is higher than aresolution in the preliminary examination.

ADVANTAGEOUS EFFECT OF INVENTION

[0017] In the invention of the present application, in
order to enable measurement inside a bodyj, it is possible
to measure the resistance value of the diagnosis site with
aweak direct currentin the preliminary examination step,
and automatically set application current and voltage in
the regular diagnosis on the basis of the measured value,
and increased efficiency of diagnosis and reduction of
burden on an examinee can be realized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]
Figure 1 is a schematic vertical sectional view of a
conventional catheter for diagnosis of interstitial cys-

titis disclosed as a reference example.
Figure 2 is a cross sectional view of the catheter

seen from a line II-1l in Figure 1.
Figure 3 is a cross sectional view of the catheter
seen from a line IlI-1ll in Figure 1.

Figure 4 is a cross sectional view of the catheter
seen from a line IV-1V in Figure 1.

Figure 5 is a partial plan view showing various mod-
ification examples of electrodes of the catheter dis-
closed in Figure 1.

Figure 6 is a schematic explanatory view of an ex-
ample in which the catheter disclosed in Figure 1 is
used in diagnosis of interstitial cystitis.

Figure 7 is a graph of a diagnosis result of interstitial
cystitis appearing in a display unit of a current per-
ception threshold measurement apparatus, (A)
shows a normal value, and (B) shows an abnormal
value due to interstitial cystitis, respectively.

Figure 8 is a catheter for diagnosis of interstitial cys-
titis according to a first embodiment of a reference
invention, Figure 8(A) shows a front view, and Figure
8(B) shows a section in a longitudinal direction.
Figure 9(A) is a sectional view showing a state where
diagnosis of a bladder is performed with the catheter
for diagnosis of interstitial cystitis disclosed in Figure
8, and Figure 9(B) is a sectional view showing a cath-
eter in which electrodes are modified.

Figure 10 is a sectional view of a catheter for diag-
nosis of interstitial cystitis according to a second em-
bodiment of the reference invention, Figure 10(A)
shows a state where a balloon is not inflated, and
Figure 10(B) shows a state where the balloon is in-
flated and a catheter main body is bent.

Figure 11 is a sectional view showing a state where
diagnosis of a bladder is performed with the catheter
for diagnosis of interstitial cystitis disclosed in Figure
10.

Figure 12 is a sectional view of a catheter for diag-
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nosis of interstitial cystitis according to a modification
example of the second embodiment, Figure 12(A) is
a sectional view in a longitudinal direction, and Fig-
ure 12(B) is a sectional view in a line B to B in Figure
12(A).

Figure 13 is a sectional view of a catheter for diag-
nosis of interstitial cystitis according to another mod-
ification example of the second embodiment, Figure
13(A) is a sectional view in a longitudinal direction,
and Figure 13(B) is a sectional view in a line B to B
in Figure 13(A).

Figure 14 is a front view showing a catheter for vag-
inal diagnosis.

Figure 15 is a view showing a current perception
threshold measurement apparatus according to one
embodiment of the present invention, Figure 15(A)
shows a front view, and Figure 15(B) shows a rear
view.

Figure 16 is a schematic block diagram explaining
an internal circuit configuration of the current per-
ception threshold measurement apparatus dis-
closed in Figure 15.

Figure 17 is a flowchart showing a diagnosis process
of interstitial cystitis by the current perception thresh-
old measurement apparatus disclosed in Figure 15.
Figure 18 is a diagram explaining preliminary exam-
ination and regular diagnosis, in diagnosis of inter-
stitial cystitis.

DESCRIPTION OF EMBODIMENTS

[0019] First, referringto Figures 1to 5, a basic structure
of a catheter 1 for diagnosis of interstitial cystitis will be
described. As shown in Figure 1, the catheter 1 for diag-
nosis of interstitial cystitis is connected to a current per-
ception threshold examination apparatus (CPT appara-
tus) 4 (Figure 6), and is used to diagnose interstitial cys-
titis.

[0020] The catheter 1fordiagnosis of interstitial cystitis
mainly includes a catheter main body 11, a core member
12, a balloon 13 capable of inflating and deflating, a pair
of electrodes 14, lead wires 15, and a fluid supply pas-
sage 16. The catheter main body 11 is made of a soft
flexible material (for example, a silicone rubber), and has
a bladder-indwelling end portion A and a diagnosis sec-
tion B adjacent to the distal end section A and at a prox-
imal end side. The core member 12 is made of a rigid
flexible member (for example, a polytetrafluoroethylene
resin), and is inserted into the diagnosis section in the
cathetermainbody 11. The balloon 13 capable ofinflating
and deflating is attached to an outer periphery of the blad-
der-indwelling end portion A of the catheter main body 11.
[0021] The pair ofelectrodes 14 is provided onan outer
periphery of the diagnosis section B of the catheter main
body 11. The lead wires 15 are inserted into the core
member, one ends are connected to the electrodes 14
and the other ends are drawn to outside of a proximal
end portion of the catheter main body 11 to be connected
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to the current perception threshold examination appara-
tus 4.

[0022] The fluid supply passage 16 is provided in the
catheter main body 11, a distal end communicates with
an interior of the balloon 13, and a proximal end commu-
nicates with an injection portion 17. A fluid (for example,
air, water, or the like) is supplied to the balloon 13 from
the injection portion 17 through the passage 16 to inflate
the balloon 13.

[0023] The electrodes 14, as shown in Figure 5, are
preferably provided by being separated from each other
in a diameter direction of the catheter main body 11 (A),
or are provided by being separated from each other in
an axial direction of the catheter main body (B), or ring-
shaped electrodes that continue in a circumferential di-
rection of the catheter main body 11 are preferably pro-
vided by being separated from each other in an axial
direction (C).

[0024] Next, as shown in Figure 6, the catheter 1 is
inserted into a bladder 2 of a patient, the balloon 13 of
the catheter 1 is inflated to retain the bladder-indwelling
section A of the catheter main body 11 in the bladder 2.
At this time, the diagnosis section B of the catheter main
body 11 is located in an affected site near an inlet of the
bladder 2. The lead wires 15 extending from the proximal
end of the catheter 1 are connected to the current per-
ception threshold examination apparatus 4. Further, a
power supply 43 is connected to the current perception
threshold examination apparatus 4. A structure of the
current perception threshold examination apparatus 4
will be described later.

[0025] Further, another catheter for diagnosis of inter-
stitial cystitis will be described on the basis of Figure 8
to Figure 13. Parts which are not specially described are
the same as those in the catheter 1 for diagnosis of in-
terstitial cystitis already described, and redundant expla-
nation will be omitted.

[0026] As shown in Figures 8(A) and (B), a catheter
101 for diagnosis of interstitial cystitis mainly includes a
catheter main body 111, a core member 112, a pair of
electrodes 114, and lead wires 115. The catheter main
body 111 is made of a soft flexible material (for example,
a silicone rubber), and has a distal end section A that is
inserted into a bladder and a main body section B adja-
cent to the distal end section A and at a proximal end
side. The core member 112 is made of a rigid flexible
member (for example, a polytetrafluoroethylene resin),
and is inserted into a vicinity of a lower end of the distal
end section A in the catheter main body 111.

[0027] The pairofelectrodes 114 is provided on adistal
end of the distal end section A of the catheter main body
111. The lead wires 115 are inserted into the core mem-
ber, one ends are connected to the electrodes 114 and
the other ends are drawn to outside from a proximal end
portion of the catheter main body 111 to be connected
to the current perception threshold examination appara-
tus 4 (refer to Figure 6).

[0028] Figure 9(A) shows a state where the catheter
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101 disclosed in Figure 8 is inserted into a bladder 102.
As shown in this drawing, the catheter 101 is inserted to
a position where a distal end of the catheter 101 contacts
an inner wall 102a of the bladder 102. Subsequently, a
current is caused to flow into the lead wires 115 of the
catheter 101 from the current perception threshold ex-
amination apparatus 4. The current flows into the inner
wall 102a of the bladder 2 from the electrodes 114 of the
catheter 101.

[0029] Further, Figure 9(B) is a catheter 101a which is
made by modifying the catheter in Figure 9(A). In the
catheter 101a, one electrode is provided at a distal end
of the catheter main body, and another electrode is a
body earth connected to the CPT. In actual use, the cath-
eter 101a is inserted into the bladder of a patient who
undergoes diagnosis, and the body earth is brought into
contact with any part of the patient body. Thereby, a
closed circuit is formed between the electrodes, and di-
agnosis of interstitial cystitis can be performed similarly
to the catheter 101 in Figure 9(A). It is needless to say
that the modification can be similarly applied to the cath-
eters described in Figure 10 and the following drawings.
[0030] Next, onthe basis of Figure 10 to Figure 13, still
another catheter 201 for diagnosis of interstitial cystitis
will be described. The catheter 201 differs from the first
embodiment in a point that the catheter 201 has a pre-
determined balloon 213 on an outer circumferential sur-
face of a catheter main body 211. That is, the cylindrical
balloon 213 which is in such a manner as to cover the
outer circumferential face of the catheter main body 211
is attached to a lower end of the distal end section A of
the catheter main body 211. The balloon 213 is bonded
onto the outer circumferential face of the catheter main
body 211 by means of an adhesive in an upper end por-
tion and a lower end portion respectively. Bonding widths
thereof differ in accordance with locations in a circumfer-
ential direction. That is, as shown in Figure 10(A), the
balloon 213 is bonded with a bonding width W1 at one
side in a diameter direction (a right side in Figure 10(A)).
The balloon 213 is bonded with a bonding width W2 at
the other side in the diameter direction (a left side in Fig-
ure 10(A)). In other words, the bonding width continuous-
ly changes from W1 to W2 along a circumferential direc-
tion of the outer circumferential face of the catheter main
body 211.

[0031] Further, at a proximal end side of the catheter
main body 211, an injection portion 217 is provided. The
injection portion 217 is for inflating the balloon 213 de-
scribed above. Further, a fluid supply passage 216 that
allows the injection portion 217 and an interior of the bal-
loon 213 to communicate with each other is formed in
the cylindrical wall which configures the catheter main
body 211. From the injection portion 217, a fluid (for ex-
ample, air, water or the like) is supplied to the balloon
213 through the fluid supply passage 216 to inflate the
balloon 213.

[0032] When the fluidis supplied from the injection por-
tion 217 in the catheter 201 as described above, the bal-
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loon 213 starts inflating. At this time, the bonding width
of the balloon 213 is not uniform, and therefore, as shown
in Figure 10(B), a degree of inflation differs depending
on spots. Since in the example shown in the drawing, the
right side has a larger bonding width, the balloon 213 is
restrained in a wide range, and as a result, the balloon
213 has a smaller degree of inflation at the right side than
at the left side. Here, the catheter main body 211 is
formed from a soft flexible material, and therefore, can
be deformed by an external force. Since the balloon 213
inflates non-uniformly with respect to the catheter main
body 211 of the soft flexible material in this way, a non-
uniform external force is applied to the catheter main
body 211. Consequently, the catheter main body 211 is
bent as shown in Figure 10(B) by a non-uniform external
force like this.

[0033] Figure 11 is a view showing a state where an
inner wall of a bladder 202 is diagnosed by using the
catheter 201 shown in Figure 10. As shown in the draw-
ing, the catheter main body 211 is bent, and therefore,
sites other than an uppermost portion of the inner wall of
the bladder 202 can also be diagnosed. Further, by ro-
tating the catheter main body 211 with an axis in a lon-
gitudinal direction as a center, it is possible to make di-
agnosis of a wide range. In particular, in accordance with
an amount (for example, 1 cc to 4 cc) of the fluid which
is injected into the balloon 213, the external force applied
to the catheter main body 211 changes, and therefore,
an angle at which the catheter main body 211 bends also
changes (for example, 30° to 50°). Thereby, diagnosis
of a desired inner wall of a bladder is enabled. Like this,
in the state where the fluid is not injected, the catheter is
not bent. Accordingly, it is easy to insert the catheter to
the bladder.

[0034] Figure 12 shows a modification example of the
catheter for diagnosis of interstitial cystitis. In the modi-
fication example, a structure of a balloon 313 is different.
That is, a thickness of the balloon 313 differs depending
on locations. As shown in the drawing, a thickness T1 at
a right side of the balloon 313 is larger than a thickness
T2 at a left side. Consequently, when a fluid is injected
into the balloon 313, the left side inflates more than the
right side. As a result, an external force applied to the
catheter main body 311 also becomes non-uniform, and
the catheter main body 311 is bent. Here, abendingangle
of the catheter main body 311 is desirably capable of
being set in accordance with the injection amount of the
fluid. More specifically, when the injection amount of the
fluid to the balloon changes between 1 cc and 4 cc, for
example, the bending angle preferably changes between
approximately 30° and 50.

[0035] Figure 13 also shows another modification ex-
ample of the catheter for diagnosis of interstitial cystitis.
In the modification example, a structure of a catheter
main body 411 is different. Thatis, a thickness of an outer
circumferential wall of the catheter main body 411 differs
depending onlocations. As shown in Figure 13, the thick-
ness T1 at a right side of the catheter main body 411 is
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thinner than the thickness T2 at a left side. Consequently,
when a fluid is injected into a balloon 413, the right side
deforms more greatly than the left side. As a result, even
if an external force applied by the balloon 413 is uniform,
the catheter main body 411 is bent.

[0036] Figure 14 is a view showing a catheter in which
electrodes are provided on side faces of a catheter main
body. A catheter 501 is not for use in bladder diagnosis,
but for use in vaginal diagnosis. Therefore, the catheter
501 is thicker as compared with the catheter for bladder
diagnosis, and includes a ring-shaped flange 513 for re-
stricting an insertion amount. By diagnosing a bladder
with a catheter for bladder diagnosis, and performing di-
agnosis with the vaginal catheter, diagnosis of interstitial
cystitis can be performed more precisely.

[0037] Next, on the basis of the drawings, the current
perception threshold examination apparatus 4 according
to one embodiment of the present invention will be de-
scribed. Figure 15(A) shows a front view of the current
perception threshold examination apparatus 4. As is un-
derstandable from the drawing, a liquid crystal display
for information display is provided at a front face of the
current perception threshold examination apparatus 4.
The liquid crystal display displays a state of the current
perception threshold examination apparatus 4, a diag-
nosis situation, and the like. More specifically, the liquid
crystal display is configured by pixels of 128 by 64 dots.
Although in the example shown in Figure 6, the current
perception threshold examination apparatus 4 and a dis-
play unit 42 are made separate, this is only one example,
and it is needless to say that the current perception
threshold examination apparatus 4 and the display unit
42 may be configured to be integrated with each other,
as shown in Figure 15.

[0038] Further, in the current perception threshold ex-
amination apparatus 4 is provided with respective but-
tons of "START/STEP", "STOP", "FREQUENCY MAX",
"FREQUENCY MIN", "CURRENT MAX", "STEP CUR-
RENT", "MODE SWITCHING", "SWEEP TIME", and
"RESET".

[0039] The"START/STEP" button is pressed at a time
of starting measurement, and by repeatedly pressing the
button, start and interruption of each of diagnosis proc-
esses are enabled. For example, when the
"START/STEP" button is pressed once, all the diagnosis
processes automatically advance. When the button is
pressed once more, the diagnosis process is intermitted
at the point of the time. By pressing the button again, the
diagnosis process is restarted from the interrupted proc-
ess.

[0040] The "STOP" button is a button that is pressed
at a time of completely stopping diagnosis. Even during
diagnosis, all diagnosis processes which have been per-
formed so far are all cleared by the button being pressed,
and the next diagnosis is started from the initial diagnosis
process.

[0041] The "FREQUENCY MAX" button is a button for
making the frequency of the current which is supplied to
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the catheter maximum. In the current perception thresh-
old examination apparatus 4 according to the present
embodiment, 250 Hz is a maximum frequency although
it is only an example.

[0042] The "FREQUENCY MIN" button is a button for
making the frequency of the current which is supplied to
the catheter minimum. In the current perception threshold
examination apparatus 4 according to the present em-
bodiment, a minimum frequency is 1 Hz although it is
only an example.

[0043] The "CURRENT MAX" button is a button for
making the current which is supplied to the catheter max-
imum. In the current perception threshold examination
apparatus 4 according to the present embodiment, a
maximum current value is 5 mA although it is only an
example.

[0044] The "STEP CURRENT" button is a button for
changing the value of the current which is supplied to the
catheter in a step manner. In the current perception
threshold examination apparatus 4 according to the
present embodiment, a current value resolution at each
step differs depending on preliminary examination or reg-
ular diagnosis. In the preliminary examination, the value
of the current changes every 200 pA, and in the regular
diagnosis, the value of the current changes every 10 pA.
[0045] The"MODE SWITCHING" button is a button for
switching whether to manually change or automatically
change the frequency of the current which is supplied to
the catheter. Inthe case of a manual mode, the frequency
changes every 1 Hz, and in the case of an automatic
mode, the frequency changes continuously.

[0046] The "SWEEP TIME" button is for setting a di-
agnosis time period at a time of performing diagnosis by
automatically changing the frequency. For example,
when diagnosis is performed precisely, a sweep time
needs to be set to be long, whereas when rough diagno-
sis can be sufficient, the sweep time may be set to be
short. It is possible to set a unit sweep time by pressing
the button once, and it is possible to set the sweep time
to be long by pressing the button a plurality of times.
[0047] The "RESET" button is a button for returning all
conditions set to the current perception threshold exam-
ination apparatus 4 in diagnosis to initial states. For ex-
ample, control of making the current value and the fre-
quency minimum, switching change of the frequency to
the manual mode and the like is performed. Further,
stored diagnosis data is all cleared. However, only the
set items that differ according to diagnosis are returned
to the initial states, and more basic set items are not
initialized.

[0048] Further, as shownin Figure 15(B), a power sup-
ply switch, a DC IN terminal, an electrode OUT terminal,
a controller IN terminal and a remote IN terminal are pro-
vided on a back face of the current perception threshold
examination apparatus 4. The power supply switch is a
switch for actuating the current perception threshold ex-
amination apparatus 4. The DC IN terminal is a terminal
to which a connection terminal of a power supply (a power
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supply adapter) 43 is connected. The power supply 43
of the present embodiment has an output of DC 12 V/12
W with respect to an input of AC 90 to 264 V and 47 to
63 Hz. The electrode OUT terminal is a terminal to which
lead wires for electrodes of the catheter are connected.
The controller IN terminal is a terminal for connecting a
controller operated by a diagnostician. Further, the re-
mote IN terminal is a terminal for connecting a remote
switch that is operated by an examinee when the exam-
inee feels a stimulus.

[0049] An example of specifications of the current per-
ception threshold examination apparatus 4 according to
the present embodiment is as follows. First, a rated volt-
age for measurement is 12 V, and an output frequency
is variable between 1 and 250 Hz. As operation modes,
a manual diagnosis mode by steps at intervals of 1 Hz,
and a frequency automatically variable diagnosis mode
are available. The output current value is switchable in
two stages of 2.5 mA and 5 mA, and a limiter is operated
at 5.5 mA. As the measurement resolution, 10 pnA and
200 pA are selectable.

[0050] The current perception threshold examination
apparatus 4 has an information storage unit, which can
store information of 100 events, and stores information
of a name of a diagnostician, a name of an examinee, a
date and time, a frequency value, a current value, a volt-
age value and the like, for one event.

[0051] Further, as shown in Figure 16, the current per-
ception threshold examination apparatus 4 is provided
with a control unit that controls supply of a current to the
electrodes of the catheter, a direct current generating
unit that generates a direct current in response to an in-
struction from the control unit, and an alternating current
generating unit that similarly generates an alternating
current. The direct current generating unit supplies a
weak direct current to the electrodes of the catheter in
response to the instruction of the control unit, and meas-
ures an electric resistance value of a diagnosis site of an
examinee. The electric resistance value serves as refer-
ence data for determining a proper voltage value at a
time of applying an alternating current to the diagnosis
site, as described later. Further, the alternating current
generating unit generates an alternating current for use
in actual diagnosis of the diagnosis site of the examinee,
in response to an instruction from the control unit.
[0052] Next, on the basis of Figure 17 and Figure 18,
actual measurement (diagnosis) will be described. First,
the control unit issues an instruction to the direct current
generating unit so as to generate a direct current. In re-
sponse to this, the direct current generating unit gener-
ates a weak direct current. The weak direct current is
supplied to the electrodes through the catheter, and by
the direct current resistance measuring unit which is at-
tached to the direct current generating unit, the electric
resistance value between the electrodes through the di-
agnosis site is measured (step S1). When the electric
resistance value is measured, a proper alternating-cur-
rent voltage value to be applied to the diagnosis site can

10

15

20

25

30

35

40

45

50

55

be determined (step S2).

[0053] Next, the flow goes to a process of preliminary
examination. In the preliminary examination, the direct
current generating unit is switched to the alternating cur-
rent generating unit. At this time, the alternating current
generating unit applies the alternating-current voltage
which is determined on the basis of the aforementioned
electric resistance value to the electrodes, in response
to the instruction from the control unit. Meanwhile, a cur-
rent is set as follows. That is, as shown in Figure 18(A),
a frequency of the alternating current is set at 1 Hz, and
an effective value of the current is set to be 200 pA (step
S3).

[0054] When the examinee does not feel pain (step
S4), the frequency is set at 2 Hz, and the current value
is setat 400 pA (step S3). In other words, every time the
frequency is increased by 1 Hz, the current which is sup-
plied is increased by 200 pA. A maximum is 5000 pA (5
mA) with 250 Hz. When the examinee feels pain before
the maximum value is obtained, reference values of the
frequency and the current value at this time are stored
in the information storage unit (step S5).

[0055] Next, the flow goes to regular diagnosis. In the
regular diagnosis, the frequency stored in the information
storage unit is read, and after the frequency is fixed to
the value, the current value is increased and decreased
by 10 wA with the stored current value as a center (refer
to step S6 in Figure 17, and Figure 18(B)), to narrow
down a current value at which the examinee feels pain
(step S7). Subsequently, a current value in a boundary
at which the examinee feels and doesn'’t feel pain is de-
termined, and diagnosis of interstitial cystitis is ended
(step S8).

INDUSTRIAL APPLICABILITY
[0056] The present invention can be used in a current
perception threshold examination apparatus which is

used in a catheter for diagnosis of interstitial cystitis.

REFERENCE SIGNS LIST

[0057]

1 Catheter for diagnosis of interstitial cystitis

2 Bladder

4 Current perception threshold examination appa-
ratus

11 Catheter main body

13 Balloon

14 Electrode
16 Fluid supply passage

17 Injection portion

101  Catheter for diagnosis of interstitial cystitis
102  Bladder

111 Catheter main body

114  Electrode

115  Lead wire
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Distal end section
Main body section

Claims

A current perception threshold examination appara-
tus (4) that controls supply of a current from a power
supply (43) to electrodes (14, 114) of a catheter (1,
101, 201, 301, 401, 501) for diagnosis of interstitial
cystitis,

the current perception threshold examination appa-
ratus (4) comprising: a direct current generating unit
for generating a direct current on the basis of an in-
struction of a control unit; a direct current resistance
measuring unit that measures an electric resistance
value of a diagnosis site on the basis of the direct
current which is supplied to the electrodes; and an
alternating current generating unit for generating an
alternating current to be supplied for diagnosis, on
the basis of the electric resistance value which is
measured.

The current perception threshold examination appa-
ratus according to claim 1,

wherein the control unit determines an alternating-
current voltage value suitable for diagnosis on the
basis of the electric resistance value, and the alter-
nating current generating unit applies the deter-
mined voltage to the electrodes (14, 114) inresponse
to an instruction of the control unit.

The current perception threshold examination appa-
ratus according to claim 2,

wherein the control unit has a frequency and current
value regulating function of regulating a frequency
and a current value.

The current perception threshold examination appa-
ratus according to claim 3,

wherein the diagnosis of interstitial cystitis is divided
into preliminary examination and regular diagnosis,
and the control unit further has a resolution switching
function of switching a resolution for a current value
in the preliminary examination and the regular diag-
nosis.

The current perception threshold examination appa-
ratus according to claim 4,

wherein aresolutionin the regular diagnosis is higher
than a resolution in the preliminary examination.

Patentanspriiche

1.

Vorrichtung zur Untersuchung einer Stromerfas-
sungsschwelle (4), die die Lieferung eines Stroms
von einer Stromversorgung (43) an die Elektroden
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(14, 114) eines Katheters (1, 101, 201, 301, 401,
501) zur Diagnose von interstitieller Zystitis steuert,
wobei die Vorrichtung zur Untersuchung einer Stro-
merfassungsschwelle (4) umfasst: eine Gleich-
stromerzeugungseinheit zum Erzeugen eines
Gleichstroms auf der Basis einer Anweisung einer
Steuereinheit; eine Gleichstromwiderstandsmess-
einheit, die einen elektrischen Widerstandswert ei-
ner Diagnosestelle auf der Basis des Gleichstroms
berechnet, der an die Elektroden geliefert wird; und
eine Wechselstromerzeugungseinheit zum Erzeu-
gen eines zur Diagnose zu liefernden Wechsel-
stroms auf der Basis des elektrischen Widerstands-
werts, der gemessen wird.

Vorrichtung zur Untersuchung einer Stromerfas-
sungsschwelle nach Anspruch 1,

wobei die Steuereinheit einen zur Diagnose geeig-
neten Wechselstromspannungswert auf der Basis
des elektrischen Widerstandswerts bestimmt, und
die Wechselstromerzeugungseinheit die bestimmte
Spannung in Reaktion auf eine Anweisung der Steu-
ereinheit an die Elektroden (14, 114) anlegt.

Vorrichtung zur Untersuchung einer Stromerfas-
sungsschwelle nach Anspruch 2,

wobei die Steuereinheit eine Frequenz- und Strom-
wertregelfunktion zum Regeln einer Frequenz und
eines Stromwerts aufweist.

Vorrichtung zur Untersuchung einer Stromerfas-
sungsschwelle nach Anspruch 3,

wobei die Diagnose von interstitieller Zystitis in eine
Voruntersuchung und eine regulare Diagnose unter-
teiltist, und die Steuereinheit ferner eine Aufldsungs-
schaltfunktion zum Schalten einer Auflésung fir ei-
nen Stromwert in der Voruntersuchung und der re-
gularen Diagnose aufweist.

Vorrichtung zur Untersuchung einer Stromerfas-
sungsschwelle nach Anspruch 4,

wobei eine Aufldsung in der regularen Diagnose ho-
her ist als eine Auflésung in der Voruntersuchung.

Revendications

Appareil pour 'examen du seuil de perception du
courant (4) commandant I'alimentation d’'un courant
a partir d’'une source d’énergie (43) a des électrodes
(14, 114) d’'un cathéter (1, 101, 201, 301, 401, 501)
pour le diagnostic de la cystite interstitielle,

I'appareil pour 'examen du seuil de perception du
courant (4) comprenant : une unité de génération de
courant continu pour générer un courant continu sur
la base d’une instruction d’une unité de commande ;
une unité de mesure de résistance au courant con-
tinu qui mesure une valeur de résistance électrique
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d’'un site de diagnostic sur la base du courant continu
qui est fourni aux électrodes ; et une unité de géné-
ration de courant alternatif pour générer un courant
alternatif devant étre fourni pour le diagnostic, surla
base de la valeur de résistance électrique qui est
mesurée.

Appareil pour 'examen du seuil de perception du
courant selon la revendication 1,

I'unité de commande déterminant une valeur de ten-
sion de courant alternatif appropriée pour le diagnos-
tic sur la base de la valeur de résistance électrique,
et l'unité de génération de courant alternatif appli-
quantlatension déterminée aux électrodes (14, 114)
en réponse a une instruction de l'unité de comman-
de.

Appareil pour 'examen du seuil de perception du
courant selon la revendication 2,

'unité de commande ayant une fonction de régula-
tion de la fréquence et de la valeur du courant pour
réguler une fréquence et une valeur de courant.

Appareil pour 'examen du seuil de perception du
courant selon la revendication 3,

le diagnostic de la cystite interstitielle étant divisé en
un examen préliminaire et un diagnostic régulier, et
I'unité de commande ayant en outre une fonction de
commutation de résolution pour commuter une ré-
solution pour une valeur de courant dans 'examen
préliminaire et le diagnostic régulier.

Appareil pour 'examen du seuil de perception du
courant selon la revendication 4,

une résolution dans le diagnostic régulier étant su-
périeure a une résolution dans I'examen préliminai-
re.
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